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brought about in this particular case are of interest. 
It could scarcely be the result of a reduction in tem- 

air is probably involved. Of the two following sug es- 

the correct one, was made by Prof. Humphreys: 
The end products of complete conibuetion of gnsoline are water vapor 

and carbon dioxide, and it is found that if the water vapor were con- 
densed, there would result a little more than 1 gallon of water per 
gallon of gasoline consumed. It was found bv Wells and Thuras, iu 
studying the f o g  off the Newfoundland coast (see U. S .  Cortst Q w d ,  
BuU. 5,1916) that there were 1,200 water droplets of diameter 0.01 mm. 
in a cubic centimeter of air in a dense fog. If we assume that an air- 
plane travels 3 milea on a gallon of gasoline (approximately the fi ure 
given by the Aerial Mail Service) it is possible to show that if on?y a 
small par- fourth or fifth-of the water vapor were condensed, 
there would be abundant cloud to produce the effect observed at the 
Argonne Rattle. It should be stated, however, that this water vapor 
would have to be discharged into air which was very cold and nearly 
saturated. This seems to be the correct explanation, and is Rubston- 
tiated by scientists at the Bureau of Standards, who say that they have 
actually observed this cloud behind airplanes and automobiles. The 
Bureau of Standards is working on a device for conde6sili.g and using 
this water aboard dirigibles as ballast. 

The second suggestion, b the writer of this note, is in 

necessary conditions can exist in the free air is a ques- 
tion. It is suggested that it may be possible for su er- 
saturation to occur in the atmosphere and for shocf of 
some sort to induce condeiisation in air in which this 
unstable condition exists. Color is perhaps lent to this 
s eculation by the facts that condensation has been in- 
&ced, expermentally, in su ersaturated air, by shock, 

nized process in the free air. Mr. K. C. M. Dou las has 
shown “that clouds consisting of supercoolefi water 

perature due to the sti per se, of the air by the 
propeller. An increase e moisture content of the 

tions as to the origin of the cloud the first, and proba 5 ly 

harmony with experimenta s results, t,hough whether the 

and that the supercooling o P water droplets is a recog- 

the a roplets. In  the case of the Argonne Battle cloud, 

vapor sufficient to form a visible c 4 oud. 

exist more than 10,000 feet above clouds 
ice crystals,” and a t  temperatures a t  least 
the freezing point of water, and that shock 

of im act with his plane caused the instant freezing of 

the question is therefore raised as to whether super- 
saturation can occur in the free air, and whether atmos- 
pheric vibrations set up by the exhausts from the en- 
gines would be a sufficient cause of condensation in such 
air. If such were the case, the volume of air involved 
would doubtless be great enou h to furnish water 

FROST SUPERSATURATION FROSTUBERSATTI G UNQ) 
AND CIRkUS. 

By ALFRED WEQENEE. 
[Abstracted from Mdcoro&giachc ZefLwMff, Jan.-Feb., 1920, pp. 8-12.! 

It is possible to find conditions of vapor pressure and 
temperature, in which the space over ice is saturated, but 
over under-cooled water at the same temperature it is 
not saturated. The author has given this condition the 
name Frostiibersiittigung, or frost supersaturation. There 
exists a point, known as a triple point, a t  which water, 
ice, and undercooled water may exist side by side. The 
coordinates of this point are e (vapor ressure) =&57 
mm., and t (temperature) = +0.0075’ C? At temper& 
tures below this oint evaporation will cease to take place 

than from an (undercooled) water sui-face a t  t. e same B from an ice su d ace at a slightly.lower vapor ressure 

4 Daugks C. K. M.: 0 tlcal.phenomena and the composition OI clouds. Jour. Sed. 
MeU. 80c.,bol. XVIII, 4 serm No. XXXVI, pp. 8 3 4 .  

temperature. In  other words, over a small range of 
vapor pressure condensation may be occurring on ice at 
the same time that water at the same temperature is 
evaporating. The point o€ maximum difference of vapor 
pressure, amounting to 0.2 mm., occurs at a tempera- 
ture of - 1 1 . 4 O  C. 

Some of the consequences of this physical relation are 
pointed out. It has often been observed in free-balloon 
ascents that, above the 0” C. isotherm, undercooled 
water droplets and snow crystals may simultaneously 
occur. But the water droplets are evaporating and the 
snow cryst,als are growing larger, with the result that 
wat.er eventually disappears. This is the spectacle af- 
forded by the streaks of falling snow above which the 
mot,her cloud has entirely evaporated. 

Many observations hare been made in Greenland of 
ca.ses in which the air has been supersaturated with re- 
spect to ice but not to water. The result has been that 
large crystals of ice have been seen to form on the snow. 
In addit,ion, occasionally with a higher relative humidit 
fog has formed after the ice crystals have appeared. 2 
the case where this crystal-formin stage has been fol- 
lowed by a rise in temperature a n d a  consequent fall in 
humidity, the ice cq&a.ls have disappeared. This phe- 
nomenon c m  occur in clear weather.‘ 

The author gives other examples: On a day with a 
tem erature of - 40’ C., a cloud 3 km. in length was seen 
in &eenland, stret,ching away from a chimney. During 
three airplane fli hts over Munich a t  a height of 9 km. a 

osed of ice cryst,& was proved by the fact that the 22’ 
Ralo was observed. This cloud the author attributes to 
the nuclei furnished by the motor exhaust.2 A horse, 
warm from running over the ice, on a cold day in Green- 
land, was accom anied by a cloud 50 meters in height 
formed from its % reath. Von Hann gives a similar case 
regarding a herd of reindeer. The human breath also has 
been seen to transform itself into sma.11 clouds of ice 
needles. These are also attributed to nuclei discharged 
into the air? 

The condition of frost supersat,uration may be reaponsi- 
ble for the a.p arent self-sustaining nature of cirrus 

hig elevations f d l  into supersaturated la ers. %it 
crystals of the cirrus act as nuclei for growt , and the 
consequence is that the layer changes from a state of 
supersaturation to one o€ satura tion and thecloudappears 
to s rea.d out and become heavier merely by virtue of the 

cloud 50 km. in f ength w8.s formed. That it was com- 

It may t e that the cirrus particles, formin 

T l  
wisf?. 

ice P ormed upon the falling crystal.-C. L. Ai. 

ss/. r ‘ / o  I 4 (57F-Rz 1 
ON THE FREQUENCY OF FOGS IN THE EASTERN SAHARA. 

By J. TILHO. 
[Abstracted from Curnptes Rcndus, Paris Acad., June 14,1920, pp. 1435-1438.1 

It. has often been observed that durin December and 
January the west coast of Africa,.partic 3 arly that in the 
vicinity of the Gulf of Guinea, is visited b northeast 

be constituted quite kargely by fine dust particles sup- 
winds accompanied by persistent fogs, whic E seemed to 

1 Surh Imt ran also form rhen the Iresurface temperature is below the ice) dew- 
pninl of Lhe air--;vithoiit frost supersaturation in thc s we above the Ice . -hmB 

Capt. \Vi\Iter H. &ad in the .4 a c r l v m  Le~ton !G-.ccfl!, of 013. ? , . I p ,  relates the 
formation or long c i r r w   cloud^ in lhe vake or three mrplancs in the ricituty 01 lontlni?. 
cu!~. France. 011 Uct. 111. 1918. At first the trails were thought to be smoke, but they 
proved to bc ton wide lor smoke. Thcir ice-crystal structure became evident when halo 

henomens nrre nbherved as 3 result of their presence. Cf. “The A r w n e  Battle Cloud.” 
!‘his REVIEW pp 348949 --EDrrn~. 

8 The moisthe without t‘he nuclei discharged would be smple to make st!CII clouds 
therefore, the nuclei merely assure the formation of the cloud which would probsbli 
form a t i y ~ ~ a y . - - E ~ ~ ~ ~ .  
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poaed to have oome from the desert or semidesert re- 
'ons. Similar fogs have also been observed alon the 

in the Borku Oasis (northeast of Lake Chtld) tshe fogs 

Sand stormrr.-These storms are frequently observed 
with such violence as to quickly bury small objects, such 

%ger River, in Zinder, and around Lake Chad. 6 7  hile as boxes. camD eaubment, etc. Pebbles the size of a 

-- l- I----- 
X r l m  er 

12 
15 
12 

18 
22 
16 

*,,",F. - 0. 
i s 9  
25.8 
21.5 

15.3 
21.0 
18.0 

observed were remarkable for their extreme dryness, as 
is attested by the following table: 

I Wind. 

Number of fogs observed. 

Heavy. Moderate. Light. 
Y a r d  month. 

---- 
1911, 1916,191Z 

................... 49 
31 

February.. 

I 13 18 

senu8ry ....................... 10 42 

iffby. .......................... 
S u e  .......................... zz 36 
July.. ......................... 17 3s 

0 3 O b o r . .  ..................... 

Mnrch.. ....................... 13 21 
A&ril; ......................... ?A 21 15 

In6 16 
1914 1916,1918: 

12 25 .................... 11 
August.. s t a n k  
Novembar.. .................. 
Decembar. .................... 53 

...................... 

Total 
number 
of obscr- 
vatims. 

273 
25; 
279 
245 

181 

4 8 2 6 9  
275 
177 
261 

6 %  
8 %  

276 

c. Per cent. 
R . l  1 &/ NE. 

12.1 NE. 
11.8 NE. 

State al the atmosphm: Heavy fog with visibility limited to about 300 to 4M) meters. 

Owing to the frequence and duration of these dry fo s 
of the Sahara, they are of importance to aviation. Of- 
servations were carefully made from May, 1914, to April, 
1917, at Borku, three times a day. The following scale 
was used in estimating the intensity of fogs: 
Heavy fog. .......................... .Visibility limited to 0.5 km. 
Moderate fog.. ........................ .Visibil$y limited to 3 km. 
Light fog. ............................ .Visibility greater than 3 km. 

Distances were estimated in the daytime by certain 
known groups of alm trees, rocks, etc., while a t  night 

magnitudes of visible stars. The number of fogs so ob- 
they were indirect P y estimated by observing the various 

Por cent. 

15.4 
19.0 
12.3 
16.4 

10.0 

18.0 
13.3 
0.0 
4.2 
2.3 
8.0 

19.2 

It appears from the table that the time of greatest fog 
is that between the winter and summer 301- 

From Au ust to November, when the west and south- 

northeast fog- roducing .winds are persistent and blow 

erally reach maximum about 10 a. m. and a minimum 
about sundown. 

While it is difficult to estimate the depth of these fogs, 
it is certain that the are often deeper than the highest 

As the speed of the wind increases i t  is observed that 
the intensity of the fo increases. With winds above 8 
or 10 meters per seconf the fog recorded is usually hea 
below that speed, it is light. 
dust articles settle out of the air to the ground, and the 
visibifity becomes equal to that in France on the best. 
days, and it is often possible to see from 100 to 120 kilo- 

frequencKi stices, w le the northeast winds dominate the region. 

west win 5 s are domimnt, there are fewer fogs. The 

with great n o  P ence for many days a t  a time, and gen- 

rocks at Borku, whic E extend upward 250 to 300 meters. 

T As the wind dies down, t 

hazelnut' and 'mi6ute crystal of quartz serve to make 
exposure to such a storm very uncomfortable. Static 
electrical phenomena are frequently observed under such 
conditions.-C. L. M. 

ss/. S78.1 c =  
ON THE DIFFERENCES BETWEEN SUMMER DAYTIME 
A N D  NIGHTTIME PRECIPITATION IN THE UNITED 
STATES. 

By W. J. HUYPHREYB. 
[Weather Bureau, Washington, D. C., July 10,1921.] 

Several studies have been made of the hourly distri- 

of tolerably humid air. 
In the southeastern portion of the United States where 

In  general, therefore, the rains over the lower Michigan 
peninsula are from clouds that either originated above 
or crossed over Lake Michi an. Now, during summer 

lakes, commonly are warmer through the da than the 

and precipitation to the near leeward-that is, over the 
lower peninsula-are greatest at night. 

the land areas about this la i e, as, in general, about all  

surface of the water and cooler at ni ht. H ence, con- 
vection over the lake and, consequen i y, the cloudmess 

--- 
metels. IShcer, J. B., MONTHLY WEATH&B REV., NOV., 1916, I); 638632. 


